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ABSTRACT

Qil extracted from Hura Crepitans seeds was used to prepare metal soaps
of Zinc, Lead, manganese and Cobalt by chemical displacement method.
The metal soaps obtained were subjected to thermal treatments at 443K,
453K and 463K . Thermal decomposition rate constants, activation energies
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and other thermodynamic data were obtained for each metal soap. Thermal
stabilities of the soaps were found to decrease in the order: Co > Pb > Mn
> Zn. The free energy and enthropy values of the soaps indicated that

their decomposition processes are non-spontaneous.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Sogpsrepresent theoldest known surfactants. They
have been knownfor at least 2300years. Intheperiod
of the Roman Empire, the Celts produced soap from
anima fat and plant ashes, which served asdkali. They
gavethisproduct the name saipo fromwhich theword
soap isderived. Theterm sogpismainly appliedtothe
water-solubleakali metal saltsof fatty acids, though
ammoniaor triethanol aminesdtsarea soused astech-
nical soaps.

With sodium, potassium and ammonia, the soaps
aresolubleinwater, produce lather in abundance and
have cleansing action. The akaline-earth and heavy
metal soaps of these same acidsareinsolubleinwater
and manifest propertiesand characteristicswhich dif-
ferentiatethem sharply fromwater solublealkalig?.

Metallic soaps (soaps of dkaine-earth and heavy
metals) areunderstood to refer to the sparingly soluble
or insolublesdts of saturated and unsaturated, straight

—chainand branched, aliphatic carboxylic acidsunsat-
urated fatty acidswith alkdine, akali earth or trangition
metalg2. Metal soaps are also known as fatty acid
salts®l. Metal soapsare composed of ametal and acid
portion supplied assolutionin solvent or oil. They are
represented by thegenera formula[RCOO] M andR
isandiphaticor alicyclicradiation and M isametal
with valence x. In the case of neutral soaps, x equals
thevalenceof themetal M. Acid sdts(theratio of acid
equivaentsto metal equivalent isgreater than 1) con-
tain free acid whereas neutral soaps contain no free
acid. Basic saltsare characterized by ahigher metal to
acid equivalent ratio than the normal metalic soap!.
Metal soaps are prepared by using any one of the
following processes. Doubledecomposition, direct re-
action of carboxylicacidwithmetal oxides, hydroxides
carbonates and direct reaction of metalswith molten
fatty acid. Inthese processes, the metal sogpsare pro-
ducedintheformof solid, pasteandliquids®. Theprop-
ertiesexhibited by metal soapsare determined by na
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tureof the organic acid, thetype of metal and its con-
centration, presence of solvent, additives, and method
of production. Onthe other hand, thecolour of metalic
sogps dependson theamount and typeof meta present.
Organic materid spresent determineamost entirdly the
odor of metallic soaps™.

Somecommercialy important metal sogpsinclude
those of Aluminum, Barium, Cadmium, Calcium, Co-
balt, Copper, Iron, Lead, Lithium, Nickel and Zirco-
nium. Significant application areasfor metal sogpsin-
cludelubricants, and heat stabilizersin plasticsaswell
asdriersinpaints, varnishes, printing ink and thelikes.
Other usesareasprocessing aidsin rubber, fuel addi-
tives, cataydts, gel thickeners, emulsifiers, water repel -
lantsandfungicidesc

Severd workershavereported theuseof vegetable
oilsobtained from different seedsin the preparation of
Heavy metal soaps’*2. Thispresent work examines
the preparation and assessment of thethermal stabili-
ties of metal soaps of Cobalt, Manganese, Lead and
Zinc prepared using oil obtained from Hura Crepitans
seeds.

EXPERIMENTAL

Materialsand methods

Huracrepitan seed oil extracted by mechanicd pro-
cedure from matured seeds. Lead nitrate[Pb(NO,), ],
Manganese sulphate[MnS0,.H,0], Cobatouschloride
[Cocl,.6H.0] and Zinc [ZnS0,.7H,0] were obtained
and used asreceived.

Preparation of metal soapsof Hura Crepitan seed
oil.

Themethod adopted for preparing themeta soaps
was that described by burrows et a®. Inthe proce-
dure, 9.2g of the oil wasdissolved in 5oml hot ethanol
followed by treatment with 20ml of 20% w/v Hydrox-
idesolution. 100ml of 30% wi/v solution of thedifferent
metal saltswassowly added whilestirring. Thesolid
meta sogpsformed werefiltered off, washed with hot
water and then air-dried.

Thermal assessment of the metal soaps.

For thethermal stability eva uation of the prepared
soaps, 0.5g of the separate metal soaps, were sepa-
rately and accurately weighed into aprevioudy weighed
slicaglasscontainer beforetransferringinto afurnace
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St at predetermined temperatures[443, 453 and 463K]

for varying periodsof time. Theresidua weight of each
samplewasmeasured after withdrawingit fromthefur-
naceand alowingit to cool to room temperatureina
desiccator. Theweight losswasdeterminedineachin-
stance.

RESULTSAND DISCUSSION

Therateof decomposition of metal sogpsisgener-
aly considered asafirst order kineticsthug.

Z—T =k (mo-mx) (1)
wheremo and mx aretheinitial and residua weight of
the metal soap after heating, and k istherate constant
for the decomposition process. By rearranging equa-
tion (1), weget:
log (m,-m)=logm_ —kt/2.303 2

by plotting thelogarithm of theresidual weight of
each metal soap against the correspondingtime, t of
heating, the rate constants shown in TABLE 1 were
obtained.

Theresultsobtained showsthat therate constants

TABLE 1: Rateconstantsfor thedecomposition of metal
soapsof Hura Crepitansseed oil at different temperatures.

Metal soap Temp. (k) Rate constant (min™)
443 0.053
Co 453 0.071
463 0.083
433 0.060
Pb 453 0.071
463 0.079
443 0.065
Mn 453 0.073
463 0.084
443 0.070
Zn 453 0.077
463 0.099

for thethermal decomposition of themetal soapsare
temperature dependent, increasing asthe decomposi-
tiontemperatureincreases. Withinthetemperaturerange
studied, therate constant increased by 56.5%, 31.7%
29.2% and 41.4% respectively for Co, Pb, Mnand Zn
soaps. For thefour metal s studied, therate constants
for their thermal decomposition were observedtoin-
creaseintheorder: Zn>Mn>Pb> Co. Thiswasthe
casefor all thedecomposition temperatureschosenfor
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thisstudy. Based on theseresults, therelative thermal
stabilities of the metal soapsfollowstheorder: Zn<
Mn < Pb < Co.

The activation energy of the metal soaps decom-
position can be obtained from therate constantsat dif-
ferent temperature using A rrhenius equation*.,

K = koe-E/RT (3)
InK =InK_—E/RT 4
Figure2 providestheplot of InK vs(1/T) for thefour
metal sogpsstudied.
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Figure2: Graph of Ink vs UT for thether mal decomposition
of thefour metal soaps.

Thegraphica plotsof Ink vs /T for themetal soaps
ispresentedin TABLE 2 above. The activation ener-
giesfor the decomposition of the metals soapswere
caculated and are presented inTABLE 2. Theactiva
tion energy va uesof themeta soapsliebetween 21.02
and 38.44 Jmol. Considering that the activation en-
ergy representsthe minimum amount of energy required
for achemical reaction to take place (inthiscase, ther-
ma decomposition of meta soaps), it followsthat Co-
bat sogpwiththe highest activationenergyismost stable
and Manganese soap theleast thermally stable. This
assertionishowever, not in consonance with therank-
ing of themetal soapsthermal stabilities, based onthe
rate congtantsfor their thermal decomposition. Thiscan

TABLE 2 : Activation energies and thermodynamic
par ameter sof themetal soaps.

Metal Ea AH AG AS
Soap  (kJ/mol.)  (kJ/mol)  (kJ/mol) (kJ/mal)
Co 38.44 35.96 10.82 0.084
Pb 21.01 18.53 10.13 0.028
Mn 21.93 19.45 10.02 0.032
Zn 29.70 27.22 9.79 0.058

be explained by thefact that for unimolecular reaction
such asthese, not every mol ecul e possessing the acti-
vation energy necessarily transforminto aproduct. In
the activated complex stage, themoleculemay haveto
assumeacertanorientationinorder totransformintoa
product!*®,

Thermodynamic propertiesof themetal soaps

Theenthalpy of activation can beca culated using
theequationl*”.
AH=Ea-RT (5)
Where Ea=Activation Energy Jmol, T = Tempera-
ture, K, R=Universa Gasconstant Jmol.

Theentropy of activation (As) and free energy of
activation (AG) wered so calculated using therdation-
ship™,
AG=AH -TAS (6)
WhereK =rate constant, AS = Entropy of activation,
J(mol k), AG =freeenergy of activation, Jmole.

Theenthalpy valuesfor the metal soaps decompo-
gtion arepositive, indicating thedecompositionisen-
dothermic. Thefree energy and enthropy values ob-
tained indi catesthat the decomposition processare non-
spontaneousfor al themetal soaps. Based onthefree
energy values, Cobalt soap isthemost stableand Zinc
soap leadt sablethermdlly. Thisresult confirmsthemeta
soaps stability as obtained using therate constant of
their thermal decomposition. Theresultsof thisstudy
showsvauessimilar to those obtained from previous
studiesand and further suggest their potential applica-
tion asthermd stabilizersfor polyvinyl chloride™2.

CONCLUSION

Theresultsof thisstudy showsthat oil from Hura
Crepitans seed issuitablefor preparing metal s soaps
having good thermd gtabilities. Thisstudy aso suggests
the potentia of the metal soapsto function asthermal
stabilizersfor Polyvinylchloride.
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